98.6 (CH), 104.0 (CH), 104.1 (CH), 112.3 (CH), 115.9 (C), 116.5 (C), 116.6 (q, 1 : To a solution of diester 5 (55.0 mg, 0.0580 mmol) in 2 mL THF and 1 mL MeOH was added ammonium bicarbonate (137 mg, 1.74 mmol, 30 eq) as a solution in 1 mL H 2 O. The reaction was stirred vigorously (~600 RPM) at room temperature for 40 h and shielded from light. The organic solvents were concentrated in vacuo, the aqueous layer was diluted to 50 mL of saturated NaHCO 3 , and it was extracted with CH 2 Cl 2 (3×50 mL). The organic layers were combined, dried over anhydrous MgSO 4 (s), filtered, and concentrated in vacuo to give the crude material as a pink solid.
To a solution of the crude intermediate dianiline in 2 mL CH 2 Cl 2 was added 4,5-dimethoxy-2-nitrobenzyl chloroformate (6, 32.0 mg, 0.116 mmol, 2 eq) and N,N′-diisopropylethylamine (DIEA, 22 µL, 0.128 mmol, 2.2 eq). The reaction was stirred for 18 h at room temperature while shielded from light, concentrated in vacuo and loaded directly onto a column. Purification by column chromatography (hexanes→3:2 v/v hexanes/EtOAc, linear gradient, with constant 40% v/v CH 2 Cl 2 additive) afforded pure caged 7 as a white solid (59.0 mg, 82% yield, 2 steps). : To a solution of diester 7 (38.9 mg, 0.0315 mmol) in 5.4 mL CH 2 Cl 2 and 0.6 mL pH 7 buffer was added 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ, 71.5 mg, 0.315 mmol, 10 eq). The reaction was heated to reflux and stirred vigorously (~600 RPM) for 24 h while shielded from light. The resulting mixture was cooled to room temperature, filtered through a pad of celite, and concentrated in vacuo. 2 (72 mg, 0.321 mmol, 0.2 eq), BINAP (300 mg, 0.481 mmol, 0.3 eq), and Cs 2 CO 3 (1.463 g, 4.491 mmol, 2.8 eq) were combined in an oven-dried flask; the flask was then sealed and evacuated/backfilled with nitrogen (3×). Toluene (10 mL) and benzophenone imine (644 µL, 3.850 mmol, 2.4 eq) were added, and the reaction vessel was again evacuated/backfilled with nitrogen (3×). The sealed reaction was stirred at 100 °C for 18 h. After cooling to room temperature, the reaction was diluted with CH 2 Cl 2 , filtered through celite, and concentrated in vacuo. Purification by flash chromatography (0→25% EtOAc/hexanes, linear gradient, with constant 1% v/v triethylamine additive) afforded 11 as a yellow foam (876 mg, 69% 
Bis(2,4-dimethoxybenzyl) 4-(3,6-bis(2,2,2-trifluoroacetamido)-9H-xanthen-9-yl)isophthalate (13):
To a solution of 12 (150 mg, 0.228 mmol) in THF (6 mL) was added 10% w/w palladium on carbon (61 mg). The reaction was flushed with nitrogen (3×), followed by hydrogen (3×). The reaction was stirred at room temperature for 18 h under hydrogen (balloon, 1 atm). The crude reaction was filtered through celite with EtOAc and concentrated in vacuo to provide a colorless solid that turned pale pink upon prolonged exposure to air.
The crude reduced rhodamine intermediate was dissolved in 1:1 v/v EtOAc/CH 2 Cl 2 (10 mL). 2,4-Dimethoxybenzyl alcohol (168 mg, 1.00 mmol, 4.4 eq), EDCI (192 mg, 1.00 mmol, 4.4 eq), and DMAP (0.6 mg, 4.6 µmol, 0.02 eq) were added. The reaction was stirred at room temperature for 18 h. Silica gel was added, and the mixture was concentrated to dryness. Purification by flash chromatography (dry load with silica gel, 0→25% EtOAc/hexanes, linear gradient, with constant 40% v/v CH 2 Cl 2 additive) afforded 13 as a colorless foam (128 mg, 65% 
Bis(2,4-dimethoxybenzyl) 4-(3,6-bis((((4,5-dimethoxy-2-nitrobenzyl)oxy)carbonyl)amino)-9H-xanthen-9-yl)isophthalate (14):
To a solution of diester 13 (125 mg, 0.144 mmol) in MeOH (5 mL) was added hydroxylamine (50% w/w in water, 220 µL, 3.597 mmol, 25 eq). The reaction was stirred for 24 h at room temperature while shielded from light. It was then diluted with saturated NaHCO 3 and extracted with EtOAc (2×). The combined organic extracts were washed with brine, dried (MgSO 4 ), filtered, and concentrated in vacuo. Purification by flash chromatography (25→100% EtOAc/hexanes, linear gradient) afforded 68 mg (70%) of dianiline intermediate that was used immediately.
The dianiline (68 mg, 0.100 mmol) was dissolved in CH 2 Cl 2 (3 mL). 4,5-Dimethoxy-2-nitrobenzyl chloroformate (6, 61 mg, 0.220 mmol, 2.2 eq) in CH 2 Cl 2 (1 mL) was added, followed by DIEA (44 µL, 0.250 mmol, 2.5 eq). The reaction was stirred for 18 h at room temperature while shielded from light. It was then diluted with 10% w/v aqueous citric acid and extracted with EtOAc (2×). The combined organic layers were washed with brine, dried (MgSO 4 ), filtered, and concentrated in vacuo. Flash chromatography on silica gel (10→50% EtOAc/toluene, linear gradient) afforded 14 as a pale yellow solid (100 mg, 87% To a solution of diester 14 (66 mg, 0.0571 mmol) in CH 2 Cl 2 (9 mL) and pH 7 buffer (1 mL) was added 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (130 mg, 0.571 mmol, 10 eq). The reaction was heated to reflux and stirred vigorously for 24 h while being shielded from light. It was subsequently cooled to room temperature and concentrated in vacuo. The residue was taken up in MeOH, silica gel was added, and the mixture was again evaporated to dryness. Silica gel chromatography (dry load with silica gel, 0→5% MeOH/CH 2 Cl 2 , linear gradient, with constant 1% v/v AcOH additive) followed by reverse phase HPLC (35→95% CH 3 
Bis(2,4-dimethoxybenzyl) 4-(3,6-diacetoxy-2,7-difluoro-9H-xanthen-9-yl)isophthalate (17).
To a solution of 5-carboxy-2′,7′-difluorofluorescein diacetate 16 (250. mg, 0.504 mmol) in 12 mL EtOAc was added 10% w/w palladium on carbon (25 mg). The reaction flask was flushed thoroughly with nitrogen gas, followed by hydrogen gas. The reaction was stirred for 16 h at room temperature under 1 atm of hydrogen gas (balloon), after which time, the reaction flask was thoroughly purged with nitrogen gas. The crude reaction mixture was filtered though celite, rinsed with EtOAc (100 mL Bis(2,4-dimethoxybenzyl) 4-(2,7-difluoro-3,6-dihydroxy-9H-xanthen-9-yl)isophthalate (18): To a solution of tetraester 17 (91.3 mg, 0.114 mmol) in 4 mL THF and 2 mL MeOH was added ammonium bicarbonate (90.3 mg, 1.14 mmol, 10 eq) as a solution in 2 mL H 2 O. The reaction was stirred vigorously (~600 RPM) at room temperature for 24 h while shielded from light. The organic solvents were concentrated in vacuo, The pH was adjusted to ~3 with 10% w/v aqueous citric acid. The aqueous layer was diluted to 30 mL with H 2 O and extracted with EtOAc (3×30 mL). The organic layers were combined, dried over anhydrous MgSO 4 (s), filtered, and concentrated in vacuo. Purification by column chromatography 
NVOC 2 -5-carboxy-Q-rhodamine-NHS ester (S1; 8-NHS):
To a solution of acid 8 (12.1 mg, 13.0 µmol) in 0.5 mL DMF was added N,N-diisopropylethylamine (DIEA, 6.8 µL, 38.9 µmol, 3 eq) and N,N,N′,N′-tetramethyl-O-(N-succinimidyl)uronium tetrafluoroborate (TSTU, 5.1 mg, 16.9 µmol, 1.3 eq). The mixture was stirred at room temperature for 16 h, shielded from light. The reaction was partitioned between 50 mL EtOAc and 50 mL 10% w/v aqueous citric acid. The organic layer was washed with H 2 O (2×50 mL) and brine (50 mL), dried over anhydrous MgSO 4 (s), filtered, and concentrated in vacuo. Purification by column chromatography (CH 2 Cl 2 →EtOAc, linear gradient) afforded 11.6 mg (87% yield) of NHS ester S1 (8-NHS) as an off-white solid.
Data for S1: R f = 0.53 (EtOAc); 1 H NMR (400 MHz, CDCl 3 , 
NVOC 2 -5-carboxy-rhodamine 110-NHS ester (S4, 15-NHS):
To a solution of acid 15 (25 mg, 0.0293 mmol) and TSTU (11.5 mg, 0.0382 mmol, 1.3 eq) in DMF (2 mL) was added DIEA (15.4 µL, 0.0879 mmol, 3.0 eq). The reaction was stirred at room temperature for 18 h while being shielded from light. It was subsequently diluted with 10% w/v citric acid and extracted with EtOAc (2×). The combined organic extracts were washed with brine, dried (MgSO 4 ), filtered, and concentrated in vacuo.
Silica gel NVOC 2 -rhodamine 110-5-PEG 3 -azide (S9, 15-azide): Ester S4 (10 mg, 0.0105 mmol) was dissolved in DMF (1 mL). Amine S7 (4.6 mg, 0.0211 mmol, 2.0 eq) and DIEA (9.1 mL, 0.0525 mmol, 5.0 eq) were added, and the reaction was stirred at room temperature for 18 h while being shielded from light. The reaction was concentrated in vacuo and purified by reverse phase HPLC (50→95% CH 3 with 10 µM 5-ethynyl-2′-deoxyuridine (EdU) for 2 h at 37 °C. After EdU incubation, cells were fixed for 15 min at 37 °C with 4% w/v paraformaldehyde in 0.1 M phosphate buffer, pH 7.4. Fluorophore labeling was done per manufacturer's instructions with the following modifications: the Click-iT reaction mixture contained 4 µM of the caged dye-azide (S8, S9, or S10) and was filtered through a 0.5 µm steel frit syringe filter (Upchurch) prior to use; cells were permeabilized in 0.25% v/v Triton X-100 in PBS, and washed in 3% w/v bovine serum albumin BSA with 0.25% v/v Triton X-100 in PBS for all wash steps. To ensure labeling was specific to newly synthesized DNA, EdU was omitted from the protocol or cells were pretreated with 20 µM aphidicolin (Sigma) for 1 h prior to and included in the 2 h incubation with 10 µM EdU at 37 °C to inhibit nuclear DNA polymerase alpha. Cells were then labelled with Rh Q 8-azide, followed by confocal imaging using a Zeiss LSM 510 META microscope equipped with a 100×/1.4 NA Plan-Apochromat objective. Rh Q 8-azide was uncaged using a 405 nm diode laser (30 mW). A DPSS 561 nm diode laser (15 mW) was used for excitation of the uncaged Rh Q 8-azide. The 405 nm activation light was applied continuously during 512 × 512 8-bit z-stack acquisitions using sequential scanning and 0.8 µm steps. In the control experiments no labeling was observed (data not shown).
Samples for cryosectioning were prepared using a modified Tokuyasu method protocol. [3] After incubation with EdU, cells were rinsed with warm PBS, fixed for 15 min at 37°C with 4% w/v paraformaldehyde with 0.2% w/v glutaraldehyde in 0.1 M phosphate buffer, pH 7.4 and continued for an additional 1 h at room temperature in fresh fixative. Cells were rinsed in PBS and treated with 50 mM glycine in PBS for 15 min at room temperature. Labeling of EdU with caged dye-azides S8-S10 was done with modifications as described above. Cells were scraped in 1% w/v BSA in PBS, pelleted, embedded in 10 % w/v gelatin (porcine skin type A bloom 300; Sigma) and then infiltrated with 2.3 M sucrose in 0.1 M phosphate buffer, pH 7.4. Cryosections (150 nm) were cut on a Leica EM FC6 ultramicrotome and collected on 18 mm diameter glass cover slips for PALM imaging. Photoactivated Localization Microscopy (PALM). Imaging was performed on instrumentation described previously. [4] Laser light was delivered to the rear pupil of a 60×/1.49 NA objective on an Olympus IX81 inverted wide field microscope. Photoactivatable fluorophores were uncaged with a 50 mW 405 nm laser (Coherent 405-50C) at 3-6 µW. Uncaged Rh Q derivatives were excited with a 200 mW 532 nm laser (Sanctity Laser SVL-532-0200) at 6 mW power, measured at the entrance to the objective. Simultaneous excitation and activation of the sample and fluorescence emission collection was performed by placing an appropriate dichroic (Di01-R532-25x36; Semrock) and Brightline bandpass filters (FF01-582/75-25; Semrock) inside standard Olympus filter cubes. A Razor Edge long-pass filter (LP03-532RU-25; Semrock) was also inserted underneath the filter wheel to block any residual excitation light. Uncaged Rh 110 and difluorofluorescein derivates were excited with a 488 laser (Spectra-Physics #PC14584) at 4 mW power, as above using Chroma T4951p dichroic and ET525/50 emission filters. Activated mEos2 was excited with a 561 nm laser (Crystal laser GCL-150-561) at 10 mW objective entrance power and emission collection using FF562-Di02-25x36 dichroic and FF01-617/73-25 emission filters (Semrock). Images were detected with an electron multiplying CCD camera (Andor DV887ECS-BV). For photon yield experiments the illumination intensity for experiments using Rh Q 8-biotin (S3), Rh 110 15-biotin (S5), and fluorescein 21-biotin (S6) were approximately 1100, 425, and 525 W/cm 2 respectively. Photon yields were determined based on the electron multiplying gain and the EMCCD camera sensitivity. At typical maximum gain this value is 15.1 CCD counts per photon. Data were compiled from a sampling of 10,000 images per analysis. A pre-bleach excitation laser exposure of 2,000 frames was used to eliminate background fluorescence from these commercial slides. Molecular events were analyzed as PALM data. Histogram plots of photons per event typically had approximately 3,000 events at the peak value ( Figure S2 ). Single molecule frame times of 100 ms commonly yielded complete PALM images collected within 15,000 frames or approximately 25 minutes. Sample drift within this time was corrected by tracking the movement of 100 nm Au fiducial beads (Microspheres-Nanospheres 790122-010). Molecule localization and image rendering algorithms used were similar to those previously described. 
